We interpret the profiles as showing the Great Glen fault and associated, NE-trending strike-slip faults as near-vertical structures which cut the whole crust and the uppermost mantle. Beneath the surface trace of the Fair Head-Clew Bay line we image a north-dipping zone which soles into horizontal layers just above the reflection Moho. The north-dipping zone separates south-dipping reflections above and to the north from north-dipping reflections below and to the south. From the Fair Head-Clew Bay line as far south as the Iapetus suture the lower crust contains north-dipping packages of reflectors possibly related to Acadian accretionary underplating. The Iapetus suture zone can be identified as a zone, more than 50 km wide, dipping north at 30" from 5 km depth offshore Porcupine Bank, the westernmost extension of the European continental shelf, in a line parallel to our main Caledonian transect. This paper presents a description and geological interpretation of the Irish Caledonides focussing on the seismic images of WIRE lines 3 and 1.
. These surveys traced known Caledonian faults to depth in the crust (e.g. the Outer Isles fault, Brewer et al. 1983 ) and located such faults where they are hidden beneath younger sedimentary Moine thrust, Snyder 1990) . However the major lateCaledonian strike-slip faults, the Great Glen fault, the Highland Boundary fault and the Southern Uplands fault, were not directly visible on the seismic-reflection sections.
The Great Glen fault has been shown to be a vertical fault through the whole crust where it offsets the Moho north of the Shetlands (McGeary 1989) and also is interpreted to offset sub-Moho reflections north of Ireland (Snyder & Flack 1990) , but neither the Highland Boundary fault (Klemperer & Hurich 1990) nor the Southern Uplands fault (Freeman et al. 1988) show similar features on the reflection profiles. In addition to imaging some of the major Caledonian faults (in current terminology, terrane boundaries) some of the BIRPS profiles show variations in lower-crustal reflectivity that may pre-date terrane accretion, and may allow mapping of crustal terranes even where terrane-bounding faults are not themselves visible (Freeman et al. 1988; Klemperer et al. 1990) . Such In western Ireland the Caledonides are well-exposed but orogenic development as indicated by terrane sequence is clearly different from that in Britain (see 'Geological background' below) . BIRPS therefore designed the WIRE (West of Ireland) profiles ( Fig. 1) to provide a transect across the Irish Caledonides (lines WIRE 3 and WIRE 1) which could be compared with the images obtained east of Ireland and east of Britain. Thousands of kilometres of commerical marine profiling had been recorded offshore Ireland, most recently in the Porcupine basin (e.g. Naylor & Anstey 1987) but in the early 1970s over areas closer to the Irish coast. However, these commercial profiles typically have record lengths not exceeding 7 S (two-way travel-time, used throughout this paper) and, particularly the older data recorded close to Ireland, only rarely show evidence of seismic penetration to the base of the record sections. Several crustal refraction profiles have also been recorded in Ireland and west of Ireland (Jacob et al. 1985; Lowe & Jamb 1989; Makris et al. 1988; Whitmarsh et al. 1974) (Fig.  l) , but the WIRE lines are the first successful deep reflection profiles to be recorded on the continental shelf and margin west of Ireland.
A preliminary comparison of the Iapetus suture imaged on WIRE 1 with the corresponding images on other BIRPS profiles has already been published (Klemperer 1989a (1989) ; and Makris et al. (1988) ; ICSSP, Irish Caledonian Suture Seismic Project Jacob et al. (1985) ; IOS, Institute of Oceanographic Sciences Whitmarsh et al. (1974) ).
Letters in Donegal Bay: K, Killala Bay; S, Sligo Bay. Inset shows eastward extension of terrane boundaries across the British Isles (dotted lines) and other BIRPS reflection profiles discussed in the text (NEC, MOBIL, NSDP).
Profiles WIRE 4A, 4B, and 4C tie the WIRE survey into the pre-existing BIRPS network and provide 3-D control on the location of mantle reflectors beneath the Great Glen fault (Snyder & Flack 1990) . WIRE 1B extends the main Caledonian transect southwards across the Variscan thrust belt (M. Ford, S . L. Klemperer & P. D. Ryan, in prep.) . WIRE 2 images the Porcupine basin, which contains over 8 km of post-Palaeozoic sedimentary rocks Croker &
Klemperer 1989). WIRE 5 images the unextended
Porcupine Bank, the westernmost extension of the European continental shelf, in a line parallel to our main Caledonian transect. This paper presents a description and geological interpretation of the Irish Caledonides focussing on the seismic images of WIRE lines 3 and 1.
Geological background
The geology of onshore and offshore western Ireland is given in Fig. 2 (see foldout). The main features of the geological evolution of this region are outlined below.
Lewisian rocks (2.9-1.7 Ga) attributed to the Laurentian Craton occur in Scotland and possibly offshore NW Ireland to the north of the Great Glen fault (Evans et al. 1980 Fig. 2 and as implied by tectonic interpretation in Fig. 3c ). For northern part of WIRE 3 see Fig. 6 ; for northern part of WIRE 1 see Fig. 8 . Processing was carried out by Western Geophysical, and followed a route very similar to that described by Klemperer (19896). After resampling to 8 ms and deletion of noisy traces, a running three-trace mix was used to simulate long source and receiver arrays, thereby
The West of Ireland profiles, totalling 1250 km, were recorded for BlRPS in July-August 1987 by Western Geophysical using R/V Western reducing random noise and water-borne sideswipe. Spherical-divergence correction preceded deconvolution to attenuate water-bottom and peg-leg multiples. After NMO (velocity) corrections had been applied and refracted arrivals muted, the data were stacked, dip-filtered, deconvolved again, bandpass-filtered and displayed at 150 O O O , 5 cm S -both with and without data-dependent scaling. These stacks were the basis for the primary interpretations presented in this paper, and are available from the British Geological Survey. Additional displays and migrations (Figs 4 to 10) of the data were carried out using the GECO SKS processing package on the Bullard Laboratories Convex C-120. The cosmetic processing to allow display of small-scale sections in this paper began with resampling of 8 ms data to 16 ms, lateral mixing across five traces with 1:5:10:5:1 weighting, summing of adjacent traces to produce 53.33 m trace spacing, and bandpass filtering 6-24 Hz. A time-dependent scaling function, constant for all traces on each profile, was applied to correct for residual spherical divergence and attenuation. Data-dependent automatic gain control was used sparingly with window lengths varying from 0.25 S (over the window 0-1 S) to 4 S (from 4-18 S) but with only 40% of the calculated scaling function actually being applied at 0 S and only 20% being applied at 18 S. Finally, the average amplitude over all 18 S of each trace was set to a constant valw before the profiles were f-k migrated at 6 km S-' DEEP SEISMIC TRANSECT, IRISH CALEDONIDES 151 margin of the Laurentian craton during opening of the Caledonian Iapetus Ocean (c. . The Dalradian and Grampian sequences were deformed by the c . 480 Ma Grampian orogeny (Pankhurst et al. 1976) . Early fold nappes generally face northwest. Rapid uplift of Grenvillian granulites of the NE Ox Mountains at around 460Ma postdated the main Grampian event (Sanders et al. 1987) .
Ordovician ( rocks to the south of the Fair Head-Clew Bay line comprise, from north to south, a sedimentary melange (the Westport Complex), an ophiolitic melange (the Deer Park complex), the 8 km thick volcaniclastic sequences of the South Mayo Trough, and finally arc volcanic rocks. This package has most recently been interpreted as an arc and fore-arc complex, developed above an early south-dipping subduction zone, that collided with the Laurentian margin in times (Dewey & Ryan 1990; Williams 1990) . This collision and the consequent obduction of hot ophiolitic slabs were responsible for the Grampian orogenic event (Dewey & Shackleton 1984 (Casey & Dewey 1984) .
The Iapetus suture zone (Phillips et al. 1976 ) marks the site of the collision between the Southern Uplands arc and the Cadomian (east Avalonian) basement (Soper 1988 ). This zone can be traced from offshore of the Shannon Estuary eastwards some 900 km (Klemperer 1989a ). The 1990). precise age of this structure is not clear. Murphy & Hutton (1986) Lower Devonian deposits rest conformably upon Silurian silicic volcanic rocks in the Dingle Peninsula. These are covered unconformably by relatively thin Upper Devonian deposits which thicken to the south of the Munster Basin. The early Carboniferous depocentre shifted northwards and deltaic rocks derived from a westerly source were deposited in the Shannon Basin. Carboniferous basins are also recorded offshore at the head of the Porcupine trough (Tate & Dobson 1989) , in Sligo Bay, and in the Donegal Basin. Late Carboniferous Variscan deformation was related to the northwards thrusting of the rocks of the Munster Basin either as a thin-skinned wedge (Cooper et al. 1986 ), or in a transpressional thick-skinned event related either to dextral shearing (Sanderson 1984; Coller 1984) or to rejuvenation of the syndepositional faults of the Munster Basin (Price & Todd 1988) . The Variscan event was associated with the closure of the Rheic Ocean that lay to the south of Ireland (Soper 1988) .
Mesozoic rocks are restricted to the offshore basins, principally the Porcupine Basin, the Slyne and Ems Troughs and the Donegal basin (Croker & Klemperer 1989) . Tertiary dolerite dyke swarms and small plutons (c.
Ma) occur in Donegal and north Sligo (Preston 1981).
Relatively infrequent dykes and sills which occur south of Clew Bay may be related to the offshore Brendan Centre (Tate & Dobson 1988) .
The WIRE reflection profiles
In order to separate observation from interpretation, we describe first the principal features of the WIRE profiles across the Caledonides, as far as possible without interpretation, except for the sedimentary rocks which are fairly well-known, and the 'reflection Moho' which is by definition the base of the 'reflective lower crust' (Klemperer et al. 1986 ) and which in numerous comparisons around Britain (Matthews 1986) and around the world (Mooney & Brocher 1987) has been shown to be equivalent to the refraction Moho at the scale of our seismic observations. In
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general we wish to note distinctive features of the profiles which may allow interpretation of tectonic history, and also to note departures from the typical reflectivity pattern that is observed around the British Isles. Reference is therefore made to the 'typical BIRP' of Matthews & Cheadle (1986) that is the pattern of a reflective post-Caledonian cover sequence, a largely transparent upper-crustal basement, a reflective lower crust with a clear base (reflection Moho), and a generally transparent upper mantle. This pattern is particularly apparent beneath the Southwest Approaches (Matthews & Cheadle 1986 ) and the North Sea (Klemperer 1988) , areas extended during the Mesozoic. Deviations from the typical BIRP have been noted, particularly beneath the Palaeozoic highs of the Shetlands (McGeary 1987) and the London-Brabant Platform (Blundell et al. 1991) , where the crust is more diffractive than reflective, has no clearly distinct upper-and lower-crustal units, and may have no clear base to the reflectivity.
The following data description proceeds generally from north to south, and from the upper crust down into the upper mantle. The features described are from 5-75 km offshore Ireland, but for ease of description are referenced to Irish geographic names ( deposited with, and are available from, the British Geological Survey.) Snyder & Flack (1990) regard the entire 40 km wide blank zone from A to B as 'the Great Glen fault zone', though the lack of reflectivity in the central portion of profile WIRE 4A may be due to changing surface conditions and hence signal penetration as well as to changing lower-crustal geology.
Two prominent intra-mantle reflectors C and D, also visible on the WINCH profile (reflector D is equivalent to the 'mantle thrust' of Hall et al. (1984) ) are described and interpreted by Snyder & Flack (1990) . Correlations of C and D from the WIRE profiles to WINCH show that both reflectors dip c. 30" to the southeast. D extends at least 80 km along strike, whereas C extends at least 35 km and possibly 300 km if, as suggested by Snyder & Flack (1990) it is equivalent to the Flannan reflector imaged northwest of Scotland (Flack & Warner 1990) .
WIRE 4C is offset 20 km to the northeast from WIRE 4A, but tied along strike by profile 4B. In Fig. 3 it is shown merged with WIRE 4A, using for reference the bright mantle reflector D which can be traced along WIRE 4B to WIRE 4A. The lower-crustal reflectivity gradually thickens along profile 4C to the southeast, becoming as shallow as 3.5 S at the south end of the profile.
WIRE 3, Donegal to Sligo, trend 194"
WIRE 3 begins within the Donegal basin, the source of the shallow reflectors E from 0 to 3 S at km 0 to km 35 (Fig. 6 ). The north end of WIRE 3 is within 500m of well 13/3-1 which penetrated 220m of Quarternary and Tertiary sediments before passing directly into 950 m of upper Carboniferous rocks of interval velocity 3.6 kms-' and bottoming in an igneous intrusion, presumed Tertiary, at 0.95s (P. Croker pers. comm.) . Beneath the basin the reflective lower crust extends from 5 S to the reflection Moho at 8s. The layering is weak on the north end of WIRE 3 (Fig. 6 ), probably due to attenuation within the basin, and is less-clearly imaged than on the equivalent (northern) part of WIRE 4A (compare Fig. 5 with Fig. 6 ). The bright sedimentary reflectors end abruptly at km 35, close to a magnetic lineament previously interpreted as a major strike-slip fault (Bailey et al. 1975; Evans et al. 1980) . Vertically beneath the termination of the sedimentary basin the reflection Moho shows a step of about 1 S (F in Fig. 3;  Fig. 6 ). Weak reflections within the mantle extend 50 km southwards from the Moho offset, dipping at 15" to a total travel-time of 14s at km 100 (km 80 after migration) (G in Fig. 3 and Fig. 6) .
South of Donegal basin, to the south end of WIRE 3 in Killala Bay, weak near-horizontal reflections from 0-1 S are probably Carboniferous sedimentary rocks, overlying a Lewisian and Dalradian basement the top of which is never clearly imaged. From km 75 to the end of the profile at km 185 almost the entire crustal thickness beneath the Carboniferous and down to a bright reflection Moho is highly reflective/diffractive (Fig. 4) , presenting an aspect that is quite unlike most other BIRPS profiles around the U.K. Within this area of shaliow basement reflectivity on WIRE 3 some south-dipping features are visible, for example, a zone of reflections, H, dipping south at 25-35" from 1 S at km 140 to 5 S at km 165. On WIRE 3 the shallowest intra-basement reflectors bright enough to provide velocity estimates that are clearly too high for well-developed lower-crustal reflectivity, for example the BIRPS SWAT profiles (Matthews & Cheadle 1986) on which reflector lengths exceptionally reach 25 km. It is also true that WIRE 3 shows many cross-cutting reflectors with dips of 20-30" (H, I) above 6s, in contrast to the predominantly flat-lying layering (J) below. However, rather than indicating a different source of reflectivity from that seen on other BIRPS profiles the dipping reflectivity may simply be characteristic of dip-lines over basement reflectors in contrast to flatter, more continuous reflectivity seen on strike-lines (Reston 1987) . Although WIRE 3 (unmigrated data in Fig. 7a ) shows many arcuate reflections, comparison with the migrated data (Fig. 4) shows that these reflections represent areally extensive reflectors rather than highly localised diffractors. Commercial profiles recorded by Western Geophysical which cross the southern part of WIRE 3 also show some evidence for the shallow basement reflectivity, but WIRE 4B and WIRE 1, respectively 80 km to the northeast and 80 km to the southwest along Caledonian strike, only show lower-crustal reflectivity beneath 5 S (Figs 7b & 8) , suggesting that the area of very shallow, bright basement reflectivity is rather local.
The reflection Moho on WIRE 3 is generally at 9-10 S but reaches a maximum travel time of 11 S at km 115. It shallows both to the north and to the south of km 115, thereby defining an apparent crustal root K. The variation in travel time to the reflection Moho is 20% across a 30 km wide zone, almost certainly too large to be explained by changes in average crustal velocity, and so it is probable that K represents actual Moho topography.
The variation in travel-time to the reflection Moho is fairly smooth, though on the migrated line-drawing there is a transition (L) from nearly flat reflectors north of km 100 to reflectors dipping 35"s immediately south of that point (Fig. 3b) the brightest being at 13 S , km 50 (Fig. 3a) , and km 60 after migration ( Fig. 3b) The north part of WIRE 1 crosses a rather smooth, hard seafloor at 110-150 m depth with Caledonian basement at or close to the seabottom (Tate & Dobson 1989) . Because the resulting seafloor multiples are only poorly attenuated in the top 1-2 S where stacking fold is low (4-fold at 1 S ; 14-fold at 2s), it is hard to identify shallow intra-basement reflectors. Beneath 2 S reflections gradually become more apparent with increasing travel time until the reflective lower crust is clearly present beneath about 5 S (Figs 3 and  4) . In this respect the northern end of WIRE 1 does not resemble the southern end of WIRE 3 on which the reflective crust rises up to 1.5 S (Fig. 7a) , even though the two profiles lie along Caledonian strike, only separated by 80 km. There is also a change in the travel-time to the reflection Moho between these two profiles, from about 10.5 S on WIRE 1, km 0 to 20 (Fig. 8) , to 9.5 S on WIRE 3 (Fig. 7a) .
At km 15 on WIRE 1, west of the north coast of Mayo, there is apparently an abrupt offset (0) where the reflection Moho steps up 1.5 S to the south (Fig. 8) . South of 0, from km 20 to km 70, there is a 1.5 S thick zone of parallel reflectors at the base of the crust. At their southern end these parallel reflectors begin to diverge with the shallower reflectors steepening to dips of around 4O"N on migrated sections (P, Figs 3b and 4) . This can be seen only on the migrated sections, because this structure is so tightly curved that before migration the unmigrated steep reflections lie across the Moho and extend-to at least 16 S (Fig. 3a) . On the unmigrated section (Fig. 3a) these deep north-dipping reflections also crosscut shallower south-dipping reflections Q, but after migration the south-dipping reflectors, with dips of up to 30", terminate above the north-dipping reflectors (Figs 3b and 4) . This zone of termination from km 55 at 8 S to km 75 at 5 S is one of the clearest boundaries in reflection fabric on the WIRE profiles. The deeper, north-dipping reflectors P project to the surface west of Clew Bay and South Mayo, in the range km 80 and km 100, whereas a line joining the terminations of the south-dipping reflectors projects to the surface at about km 85 to 90.
South of km 80 the lower crust beneath 5 S is rather uniform, being dominated by gently ( < loo) north-dipping reflections R. The travel-time to the reflection Moho is somewhat variable, ranging from 9-10s from Clew Bay to Galway Bay. The reflection Moho seems to undulate smoothly in travel-time across this region but offsets of less than 0.5 S , if they exist, can not be distinguished because of the reverbatory nature of the seismic signal. There are also a considerable number of reflections that reach 20 km in length (S at 15 S , km 55 to 75, Fig. 4) , and occur at all levels from just beneath the reflection Moho to the base of the record section (18.2 S travel time, or c. 30 km into the upper mantle).
The most prominent shallow reflections on the north part of WIRE 1 dip south at 30" offshore Connemara (T). They project to the surface at km 85, off South Mayo, but can only be traced from 2.5 S (km 100) to 5 S (km 110). No unequivocal intrabasement reflections are seen above 2 s ( C S km) on the north section of WIRE 1. The southern part of WIRE 1 is dominated in the shallow section by a bright reflection U extending 30 km (km 175 to 205) with an average dip of 5"S, from 2.5s to 3.5s. Its surface projection would be at km 150 (Galway Bay), although only very weak reflections are seen above 2 S . Above the south end of reflector U is a suite of much weaker reflectors V dipping [20] [21] [22] [23] [24] [25] "N that cannot be traced above 1.5-2 S but which project to the surface at km 230 to
245.
The southern part of WIRE 1 is dominated at depth by prominent reflections W down to 16 S (Fig. 3a) that all migrate above the reflection Moho (Figs 3b and 4) . These are the reflections identified by Klemperer (1989~) as the Iapetus suture. These reflections form a 60 km wide zone of north-dipping reflections at km 165 to 225 at the reflection Moho, and projecting to surface positions km 225 (Mouth of the Shannon) to km 275 (Dingle Bay). Reflections W separate prominent lower-crustal reflectors above a bright reflection Moho at 10 S to the north of W from less-bright lower-crustal reflectors above a less well-defined reflection Moho at 11.5 S to the south of W. These reflection characteristics of the crust south of W are confirmed by reflectors on the east end of profile WIRE 2 (Fig. 9) Shannon estuary (Fig. 1 ) was interpreted by Jacob et al. (1985) as showing a depth to the Moho of 30 km and a two-way time to the Moho of 9.5 S (an average crustal velocity of about 6.3 km S-'), in reasonable agreement with observations of the reflection Moho at 10 S on WIRE 1 north of km 215. The increase in travel time to the reflection Moho of about 1.5 S (perhaps 5 km vertically) from km 215 to km 230 is analogous to, but larger than, the increase in Moho depth from 30 to 32 km reported by Lowe & Jacob (1989) south of the Navan-Silvermines fault (Iapetus suture zone) from COOLE onshore refraction data (Fig. 1) . Lowe & Jacob interpret a 2 km increase in Moho depth and a 4 km increase in depth to the Conrad discontinuity from north to south corresponding to an increase in travel-time to the reflection Moho of about 1 S . The refraction Moho of Lowe & Jacob shallows again to 30 km beneath southernmost Ireland, unlike the reflection Moho on WIRE 1B which continues at a rather uniform level south of Dingle. This apparent variation in Moho depth from the COOLE profile to the WIRE profile may be due to the variation in Upper Palaeozoic sedimentary-rock thickness across southern Ireland.
WIRE l B , Dingle peninsula to Fastnet, trend 159"
Although WIRE 1B is a direct continuation of WIRE 1, it was recorded three days later in poorer weather conditions, and the signal-to-noise ratio on WIRE 1B is lower than on WIRE 1. WIRE 1B continues the nondescript pattern without particularly prominent structures that is seen on WIRE 1 south of reflectors V and W, and shows lower-crustal reflectors from 6-12 S , rather than the 5-10 S more typical of WIRE 1 north of V and W (Fig. 4) . There is a slight bias to south dips, although all the lower-crustal reflections are much weaker, and therefore more subjectively interpreted, than for example zone W. The tendency to south dips is more clearly expressed in the upper crust, running from 1-3 S at km 330 to 340 (Y) and at km 345 to 355 ( Z ) . WIRE 1B crosses the COOLE marine refraction profile (Fig. 1) reported by Makris et al. (1988) at km 365. It is not easy to reconcile the interpretation of Makris et al. of the wide-anglelrefraction Moho at a depth of 28 km and a travel-time of only 9 S with the WIRE 1B reflection Moho at about 12 S. Although we do not rule out the possibility that the reflection Moho in this area does not correspond to the Moho sensu stricto as defined from velocity measurements (refraction profiling), it is also possible that the discrepancy is not real but represents poor refraction control near the Irish coast, particularly as to the effects of the Munster basin which on land reaches 7 km thickness but is barely seen on the Makris et al. interpretation.
WIRE 5, Porcupine Bank, trend 180"
At 14"W, Porcupine Bank is the westernmost extension of European continental crust. Though data quality is less good than on WIRE 3 and 1, due to increased swell noise in the open ocean and to deep-water (350 m) multiple energy that is hard to attenuate in processing, it is clear that Porcupine Bank shows the same reflective lower crust as most of the British Isles (Fig. 10) . Prominent reflectivity extends from about 5 S to 9.5-10 S . These lower-crustal reflectors include some south dips ((U) in the northern part of the profile overlying north-dipping reflectors ( p ) (Fig. 10 ) which continue to the south end of the profile ( y ) . Also at the south end of the profile is a primary reflector (6) at 12.5-13 S . WIRE 5 was recorded collinear with a refraction profile (10s on Fig. 1 the whole profile (Whitmarsh et al. 1974) and shows that deep reflector 6 , even when migrated, is in the mantle if it is vertically beneath the profile.
Summary of lithosphere reflectivity patterns west of Ireland
The reflectivity patterns described above are shown in the tectonic interpretation in Fig. 3c . We recognize a zone of prominent reflectivity, typically in the lower crust, and although the top of this reflective zone is in general poorly defined, we can identify regional variations in depth to the reflectivity, most notably the zone of shallow reflectivity on WIRE 3 in Donegal Bay. Within the crust we recognize dominant dip directions shown schematically in Fig. 3c , for example south-dipping between Donegal and North Mayo, but north-dipping from Clew Bay to the Mouth of the Shannon. These trends may identify crustal blocks deformed at different times, or even different crustal terranes (see detailed interpretations below and Fig. 11 ).
The base of the reflective crust, the reflection Moho, can normally be picked with a precision of about 0.5 S on the
WIRE profiles. We can recognize both gradual changes in travel time to the reflection Moho, for example across the 50 km wide crustal root zone K (Fig. 3) and also apparent offsets (F, 0 and perhaps X in Fig. 3) . Root zones may be the site of tectonic thickening of the crust, while apparent Moho offsets may mark tectonic juxtaposition of crustal terranes of different thickness.
Reflections beneath the reflection Moho fall into two groups: dipping zones extending downwards from the Moho (C, D, G, M) and isolated reflections within the upper mantle (e.g. N, S, 6 ) . The dipping zones, by analogy with similar reflections all around the British Isles, may be mantle faults or shear zones (Warner & McGeary 1987 ; Hack et al. 1990 ).
Correlation with onshore geology and tectonic interpretation
The geologic history of western Ireland may simplistically be separated into distinct phases: pre-Caledonian events, early Caledonian rifting and possible 590 Ma deformation, early to mid-Ordovician collision ('Grampian'), late Ordovician and Silurian subduction of the Iapetus ocean culminating in Silurian collision ('Acadian'), Upper Palaeozoic basin formation and post-orogenic transcurrent faulting, Carboniferous folding and thrusting (Variscan), Mesozoic extension and Cenozoic volcanism. In the following interpretation we discuss the youngest events first so that we can conceptually remove their effects on the crustal reflectivity patterns before discussing older events. Briefly, we interpret shallow basement reflectivity on WIRE 3 (I) as related to Tertiary intrusions; south-dipping reflectors in the upper crust of WIRE 1B (Y, Z) as Variscan thrusts; reflection-Moho offsets on WIRE 3 (F) and on WIRE 1 (0) and terminations of lower-crustal reflectivity on WIRE 4 (A, B) as late Caledonian transcurrent faults; north-dipping reflections on WIRE 1 as the Silurian Iapetus suture zone (V, W) and Acadian thrusts (P, R on WIRE 1, and / 3, y on WIRE 5); and south-dipping reflections in the crust on WIRE 1 (Q), WIRE 3 (H) and WIRE 5 (a) and in the mantle on WIRE 4 (C, D) and WIRE 3 (G) as Grampian thrusts. A summary tectonic cross-section west of Ireland (Fig. 11) shows three major lower-crustal basements: Grampian north of and above the Fair Head-Clew Bay line; Acadian north of and above the Iapetus suture; and Avalonian/Variscan south of the Iapetus suture.
It has been suggested that the prominent reflectors around the British Isles, and thus on the WIRE profiles also, are related to igneous intrusions produced during extension (Warner 1990) or to shear zones formed or activated during extension (Reston 1987 (Reston , 1988 . Mesozoic extension can barely have affected the regions crossed by WIRE 4, 3 and lJlB, since along these profiles Palaeozoic or Precambrian rocks are at or very close to the surface. The present-day crustal thickness of only 28-35 km, and the presence of high-grade rocks at the surface, are presumably due to a combination of post-orogenic erosion and extensional collapse. It is not possible to determine whether individual lower-crustal reflectors were formed during this post-orogenic extension, or are older and acted as passive markers during the extension. We argue below that many of the lower-crustal reflector geometries, and possibly the reflectors themselves, are relicts of the Palaeozoic orogens (cf. Chadwick et al. 1989; Klemperer et al. 1990) .
Cenozoic and Mesozoic
The only reflectors that are unequivocally Cenozoic or Mesozoic on the profiles illustrated in Fig. 3 are the shallowest sedimentary reflectors in the Donegal basin and on the Porcupine Bank; the considerable water depth along WIRE 5 is a further manifestation of Mesozoic extension to form the Porcupine basin and Atlantic ocean.
Reflectors which we cannot prove but nonetheless suggest are related to Tertiary volcanism are the shallow intra-basement reflectors along the south half of WIRE 3 (e.g. I in Fig. 3; Fig. 7a ), from Bloody Foreland to Killala Bay. These reflectors may be from igneous intrusions (sills and sheets) associated with the Donegal-Kingscourt and Killala Bay dyke swarms of Palaeocene-Eocene age ( Fig. 2 ; Preston 1981) . The spatial correlation between shallow intra-basement reflectivity and Tertiary dyke swarms is not perfect. The Donegal swarm projects offshore to WIRE 3 km 40 to 110; few Tertiary dykes are mapped around the shore of Donegal Bay though Max & Barber (1978) suggest that north-south magnetic trends within Donegal Bay are related to Tertiary intrusives; and the Killala swarm is only reached at the extreme south end of the profile. In contrast, the shallow reflectors ( < 2 S ) extend almost without interruption from km 75 to the south end of WIRE 3. However, the large number of dykes, which reach widths of up to 400 m (the Killala gabbro, Preston 1981), suggests that a considerable volume of the crust may have been affected by their intrusion, possibly including much of Donegal Bay.
In addition to the Tertiary swarms, the Dalradian schists of Donegal were also intruded at c. 600 Ma by a dolerite swarm (Pitcher & Berger 1972 ) which might be a contributory factor to the bright development of reflectivity on WIRE 3. The Dalradian dolerites reach thicknesses up to 200 m and can be traced for many kilometres (Pitcher & Berger 1972) . However a dominantly Tertiary origin for the shallow reflectivity offshore northern Ireland might be suggested by the lack of continuity of the shallow reflectivity along Dalradian strike (SW-NE) in this area; compare WIRE 3 (Fig. 7a) with the southwest end of WIRE 4B (Fig.  7b) and with the north end of WIRE 1 (Fig. 8) . The depth to the basement reflectivity on WIRE 4B becomes shallower to the northeast, rising to a minimum of 3 S at its northeast end, and on WIRE 4AJ4C becomes shallower to the southeast, reaching a minimum of 3.5 S , which is consistent with the development of the shallow reflectivity on these profiles being related to the Tertiary Antrim dyke swarm and the Antrim basalt plateau ( Fig. 2; Preston 1981 ). (Price & Todd 1988) . They project, but certainly cannot be directly traced, to south-dipping reflections at the top of the reflective lower crust at 6 S. This is consistent with the interpretation of the reflectors on BIRPS SWAT profiles that were correlated by BIRPS & ECORS (1986) with the Variscan Front as a thrust plane soling into the top of the reflective lower crust southeast of Ireland. Whereas the SWAT profiles show almost flat-lying layering south of the Variscan Front, WIRE 1B shows complex, cross-cutting reflectors in the lower crust. Although there are weak south-dipping zones in the lower crust on WIRE 1B (Fig. 3) which one could choose to interpret as evidence for whole-crustal Variscan
Carboniferous structure
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deformation, none are nearly as prominent as for example reflections W on WIRE 1, and there are also numerous north-dipping lower-crustal reflections in this area. Gravity studies (Ford et al. this volume) indicate that structures at middle-crustal levels are of Caledonide (NE) trend and therefore these south-dipping reflectors should not be regarded as a westward continuation of those recorded to the east on SWAT (BIRPS & ECORS 1986).
The most prominent south-dipping reflector on the WIRE transect is U, imaged at depths of 6-10 km. U is the longest (30 km) and most continuous reflection imaged anywhere on profiles WIRE 3, 1 and 1B beneath the seafloor (including the sedimentary reflectors within the Donegal basin).
U is almost certainly within igneous/ metamorphic basement because of the high average velocity of 5.5 km S-' above it, and because Upper Palaeozoic sedimentary rocks have a very different (much weaker) reflection character where imaged on WIRE 2 (km 45 to 15) (Fig. 9) and on commercial profiles in this area, and are never seen to have an aggregate thickness of more than 2 S (Klemperer 1989a) . It is possible that U, at 6-10 km depth, is the blind thrust of Cooper et al. (1986) (predicted by them to exist at depths of only 2-6 km), a possibility which would imply basement involvement in the Variscan orogen up to 100 km north of the Variscan Front. Alternatively, U may be a post-collisional back thrust formed after the north-dipping Iapetus suture (V, W) in the manner of the. flake tectonics proposed by Oxburgh (1972) . If so, U would be comparable to the much weaker south-dipping reflectors observed east of England which were interpreted by ). On the Malin Shelf north of Ireland we can confidently interpret the location of the major strike-slip faults from the deep seismic data (WIRE 4, WINCH) (see also Snyder , whereas our extrapolations of these faults to the southwest (WIRE 3, WIRE 1) are less certain and depend on prior interpretations of magnetic data (Riddihough 1968; Bailey et al. 1975; Evans et al. 1980; Max et al. 1983) .
As noted in the description of the WIRE profiles, there are several places on the seismic sections where lower-crustal reflections terminate or the reflection Moho is offset. On WIRE 4A reflective lower crust is absent, or at least not imaged, between km 50 and 90 (A and B, Fig. 3) . The blank zone is bounded at the surface by NE-trending strike-slip faults, the Skenyvore fault at km 50 and the Colonsay and Great Glen faults at km 80 to km 90 (Evans et al. 1980; Snyder & Flack 1990) .
Extrapolation of the Skerryvore and Colonsay faults further west has been contentious, with Evans et al. (1980) placing the Skerryvore fault at the southern margin of the Donegal basin as imaged on WIRE 3, and Riddihough (1968) placing the Colonsay fault here. Mapping of commercial seismic data by the Petroleum Affairs Department, Dublin (P. Croker, pers. comm.), taken with geological mapping further east (Evans et al. 1980), strongly suggests that it is the Skerryvore fault which cuts WIRE 3 at km 15, marked by terminations of sedimentary reflectors (E, Fig. 3 ) but not apparently of lower-crustal reflectors. Using the same mapping, the fault imaged on WIRE 3 at km 35 is the Colonsay fault. The apparent offset of the reflection Moho by about 1 S travel time at km 35 (F, Fig. 3 ) is almost certainly a true step rather than the effect of variable crustal velocities across this zone. If the reflection Moho were at a constant depth beneath the Colonsay fault, the reflection Moho would be imaged at a greater travel time beneath the Donegal basin, due to velocity pull-down caused by the low seismic velocity of the sedimentary rocks, than outside the Donegal basin and south of the Colonsay fault. In fact, the reflection Moho appears shallower beneath the basin north of the fault than south of the fault, implying a step of nearly 5 km on the reflection Moho if basement seismic velocities do not change across the Colonsay fault. Even though an uncompensated 5 km step on the Moho should produce a gravity anomaly X 0 mGal, we have not attempted to model the gravity field across the Colonsay fault or across other steps or rapid changes in travel-time to the reflection Moho (K, 0, X) because the sparse published data show the profiles WIRE 1 and WIRE 3 are highly oblique to strong gravity gradients (Karner et al. 1987) . The gravity trends are southwestnortheast west of Donegal and north-south west of Mayo and central Ireland (Karner et al. 1987) , demonstrating the over-riding importance on the observed gravity field of the sedimentary rocks within, and crustal thinning beneath, the Slyne-Erris trough and the Porcupine basin respectively. A demonstration of the reality of Moho offsets in this region awaits detailed modelling of recently acquired gravity data (Readman et al. 1989) .
The Skerryvore, Colonsay and Great Glen faults are drawn in our tectonic interpretation (Fig. 3c) as vertical in the upper crust but dipping north at 50-70" in the lower crust and uppermost mantle. This geometry is required for these strike-slip faults to bound the south-dipping mantle reflectors C and D (WIRE 4), G (WIRE 3) and the 'mantle thrust' of Hall et al. (1984) (WINCH) that are interpreted by Snyder & Flack (1990) as reflections from a single pre-Silurian structure dismembered by, and now repeated across, the Great Glen fault and associated faults.
Though minor Mesozoic and Tertiary reactivation (less than 1 km normal faulting) is known on the Skerryvore fault (Binns et al. 1974) Ireland (Coller 1984; Sanderson 1984) (1983) all trace splays of the Great Glen fault as magnetic features a considerable way south of the southern margin of the Donegal basin. No compelling evidence for strike-slip faults, such as offset horizons and diffractions from a fault zone, is seen on this part of WIRE 3. On the migrated section at km 70 (Fig. 3b) Fig. 3 ) at km 95, and no major reflectors cross this position after migration.
Max et al. extend their line for the Great Glen fault to cross WIRE 1 at km 20, very close to the apparent Moho offset 0 (Figs 3 & 8) . The 1.5 S change in travel-time to the reflection Moho at 0 on WIRE 1 requires either a real change in Moho depth, or a 15% change in mean crustal velocity. Such a large change in crustal velocity would itself suggest juxtaposition of two crustal blocks of very different type. The absence of a sedimentary basin at the north end of WIRE 1 argues against Carboniferous deformation causing this step on the reflection Moho, in contrast to the situation at the north end of WIRE 3. The Moho step at 0 is thus probably late-Caledonian in age.
This proposed line for the Great Glen fault was thought by Max et al. (1983) to be healed by the late Silurian Thorr granite, thus ruling out significant post-Silurian strike-slip motion along this fault trace, but recent field work now suggests that the Thorr granite may be sheared by the Great Glen fault (D. Hutton, pers. comm.) . It is possible that the line joining B (WIRE 4A), ?L (WIRE 3) and 0 (WIRE 1) was the most active fault of the NE-trending strike-slip system cutting northern Ireland and Scotland during pre-Devonian times, that Devonian to Carboniferous motions were mainly along the strand B (WIRE 4A) to F (WIRE 3) which passes north of WIRE 1 and out to the present-day continental margin, and that the main Carboniferous strike-slip activity was along the Colonsay (B to F) and Skerryvore (A to E) faults across the Donegal basin.
In contrast to the evidence for crustal-scale strike-slip faulting on the Great Glen and related faults, there are no clear steps on the reflection Moho vertically beneath the surface trace of the Fair Head-Clew Bay line or the Skerd Rocks fault. However, late-orogenic strike-slip faulting may well have occurred along older dipping thrusts, for example the north-dipping boundary separating reflectors P and Q that we interpret (below) as the Fair Head-Clew Bay line. The seismic data cannot constrain tectonic events prior to the age of formation of the crustal reflectivity patterns. We argue below that the north-dipping reflections observed in the lower crust on WIRE 1 south of km 60 (P, R) are related to late-Ordovician to Silurian subduction of the Iapetus ocean, so that mid-Ordovician emplacement of Connemara along crustal-penetrating, transform terrane boundaries (Hutton & Dewey 1986 ) is unconstrained by these seismic data, but early Devonian sinistral deformation (Hutton & Dewey 1986 ) must from our interpretation have been restricted to the upper crust.
In addition to the steps in the reflection Moho described above (F, 0), there is a rapid change in travel-time to the reflection Moho between km 215 and km 230 on WIRE 1 (X, Fig. 3 ). It seems unlikely that this can represent a strike-slip offset because the dipping reflectors W continue across this region. Post-collisional strike-slip faulting along the line of the Iapetus suture zone is also limited by the presence of overstepping early Silurian turbidite fans (Hutton & Murphy 1987) and overlapping late Silurian igneous provinces (McKerrow & Soper 1989) , so that the apparent southward thickening of the crust across this line must have a different cause, perhaps the Acadian collision, or perhaps Variscan shortening.
'Acadian' collision along the Iapetus suture zone
The north-dipping and south-younging directions of the Southern Uplands and Longford-Down complexes, which are located north of the palaeontologically-defined Iapetus suture, have been used to infer the north dip of a mid-Ordovician to late-Silurian subduction zone (Leggett et al. 1983) . A north dip for the Iapetus suture zone has also been inferred from geochemical data on igneous rocks (e.g. Thirlwall 1981) and from north-dipping zones of high reflectivity (Brewer et a Klemperer & Matthews 1987) in Britain. Comparisons of these north-dipping reflectors on other BIRPS profiles with W and V on WIRE 1, and the geographical position of W and V close to previously inferred locations for the Iapetus suture, suggest that W and V represent the Iapetus suture zone west of Ireland (Klemperer 1989~) . Another reason for supposing that reflectors W and perhaps V mark a terrane boundary between different lithospheric blocks is the change in reflective character across this zone, from bright northdipping reflections from 6-10 S north of W on profile WIRE 1 to diffuse cross-cutting reflections from 6-11.5 S south of W on WIRE 1B. If our interpretation (above) of reflector U as a late Caledonian backthrust or Variscan blind thrust is correct, then the shallow reflectors V may have been transported c . km north above the deeper reflectors W.
Though the inferred suture zone marked by the steepest and brightest reflectors W is only 40-50 km wide, the accretionary zone related to Iapetus subduction probably extends beneath Carboniferous cover at least as far north as the Skerd Rocks fault of Connemara. The Skerd Rocks fault projects offshore to WIRE 1 at km 130 to 150, above the lower-crustal zone of north-dipping reflectors R. The north dip and geographic position of reflectors R and W, extending from km 60 west of Clew Bay to km 250 west of Dingle, leads us to interpret all these north-dipping reflectors in the lower crust as related to the late Ordovician and Silurian subduction which closed the Iapetus ocean. The shingling or imbrication of the north-dipping reflectors R, shown schematically in Fig. 3c , may be related to underplating and accretion of trench or oceanic rocks beneath the southern margin of the Laurentian plate. The boundary between north-dipping reflections P and the overlying south-dipping reflections Q may be the boundary
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between the Acadian arc and accretionary prism to the south and the Laurentian craton and Grampian orogenic belt to the north. The reflectors P and R, and J on WIRE 3, may then be analogous to subduction-parallel reflection complexes imaged above and inboard of active subduction zones beneath Vancouver Island (Clowes et al. 1987) and Alaska (Fisher et al. 1989) . Pursuing this analogy, reflectors P, R and J would represent Ordovician and Silurian rocks that young downwards and to the south. They might be large imbricate slices 50-100 km long and 5-10 km thick emplaced episodically as discrete units above a subduction zone, the hinge zone of which rolled back to the south (cf. Plafker et al. 1989). Alternatively R might be a melange continuously underplated beneath the fore-arc, perhaps smeared out by continuing northward transport of mantle lithosphere beneath the accreted complex as envisaged by Freeman et al. (1988) .
A major problem for the interpretation of reflections R and W as related to the Iapetus subduction zone is that there is no evidence on WIRE 1 for any continuous subducted slab in the upper mantle; indeed the dipping reflectors in the crust appear to sole into the reflection Moho (e.g. Fig. 4 , km 60-80, km 200-220 On the WIRE profiles a similar crustal root zone K is imaged beneath Donegal Bay. The reflection Moho is fairly continuous (Fig. 4) from the Iapetus suture zone (V and W) 250 km north to the crustal root zone K, with the exception of the Moho step 0 which may have formed after Iapetus subduction. In Fig. 4 profiles WIRE 3 and 1 are merged along approximate Caledonian strike to illustrate better the apparent similarity of deep crustal structure from Dingle to Donegal. The crustal root zone K (WIRE 3) and the associated reflectors M dipping into the mantle may mark the northern limit of mid-Ordovician subduction and Acadian underplating of the Laurentian margin. The c. 250 km cross-strike separation from the Iapetus suture to the root zone (Fig. 4) is comparable with the degree of underthrusting of accreted slices recognized in Alalska by Plafker et al. (1989) . The root zone K lies north of the FCL within the Grampian orogenic belt as mapped at the surface, which, taken with the root zone on NEC beneath the Southern Uplands fault (Freeman et al. 1988) , implies that the Acadian orogen obliquely transected the Grampian orogen at depth.
The absence of reflections on the WIRE profiles from a subduction zone in the mantle suggests that a subducted slab no longer exists as a discrete unit within the Irish lithosphere. Numerous reflections at travel-times of 12-18 S (C, D, G, N, M, S, 6) attest to the penetration of seismic energy into the upper mantle, so that a subducted slab should be visible if present at a depth of less than c. 60 km. The subducted oceanic slab must therefore either have become homogenized (and unreflective) within the upper mantle, or must have detached near the base of the crust and sunk into the asthenosphere. The numerous reflections in the mantle imaged on WIRE 1 and 3 (shaded blobs on Fig. 3c) are apparently more numerous than those imaged elsewhere by BIRPS around the British Isles, though these profiles are of more consistently high quality than some of the older BIRPS profiles. The origin of such mantle reflectors is problematic (e.g. Flack et al. Posgay et al. 1990) . Possible interpretations of the mantle reflectors on WIRE 1 and WIRE 3, bearing in mind their location within the Caledonian orogen, include: (1) vestiges of the Acadian subducted oceanic slab in the form of eclogitic blobs in a peridotitic mantle (cf. Ringwood 1975, his fig.  8-5g) ; (2) accumulations of arc magmas formed within the mantle wedge above the Acadian subduction zone; and (3) volatile-rich magmas intruded during post-orogenic collapse (cf. Snyder & Flack 1990) .
'Grampian' collision along the Clew Bay zone
The ophiolitic melange of the Clew Bay fault zone probably marks the line of Grampian collision of the South Mayo volcanic arc-forearc with the Laurentian margin (Dewey & Ryan 1990) . During the Grampian orogeny Connemara was separated from the Laurentian margin, to be emplaced south of South Mayo between the Doon Rock thrust and the Mannin thrust in late Ordovician time (Leake et al. 1983) . Because the offshore trends of these faults are uncertain we cannot directly relate the sparse shallow reflectors imaged on WIRE 1 between km 0 and km 150 to these faults. South-dipping reflectors T which project to the surface near km 90 may correspond to the Doon Rock fault based on their geographical position and on the south dip of the Doon Rock fault down to at least 1 km inferred from gravity modelling (Sloan 1985) .
The observation of north-dipping reflectors R in the lower crust excludes interpretations of the major faults mapped on land in this area as near-vertical, crustalpenetrating strike-slip faults: Our interpretation (above) of reflectors R as Acadian accreted rocks implies that Connemara is now a thin, upper-crustal terrane, and that the strike-slip faults between Connemara was emplaced (Hutton & Dewey 1986; Bluck & Leake 1986) were either initially low-angle, or were rotated or cut off at depth by Acadian underplating. This underplating may have been responsible for the rapid uplift of Connemara and its southward emplacement along the Mannin thrust at 447 Ma (Leake et al. 1983), and, further north, for the rapid uplift of the Ox mountains at 460 Ma (Sanders et al. 1987) .
The north-dipping boundary between P and Q may mark a Grampian structure, since the northernmost possible projection to the surface of this reflectivity boundary, at km 80, permits a correlation with the Clew Bay fault zone. Gravity measurements show that the Deer Park ophiolitic melange along the Clew Bay zone now dips 45" north to at least 3 km depth (Ryan et al. 1983) , even though the location of the South Mayo volcanics south of the Deer Park ophiolitic melange implies an original southward dip for the Grampian subduction zone. Thus, if the boundary between reflectors P and Q is related to the Clew Bay zone it has been rotated to its present north dip by Acadian collisional processes. (If, as in the model of Phillips et al. (1976) , the Grampian subduction zone dipped north, then the boundary between P and Q could be an undeformed Grampian structure.) The south-dipping reflectors Q, and H on WIRE 3, parallel the inferred primary southwards dip of Grampian DEEP SEISMIC TRANSECT, IRISH CALEDONIDES 161 orogenic structures (Dewey & Ryan 1990; Williams 1990) , and suggest that the south-dipping reflectivity pattern Q and H may be early to mid-Ordovician in age.
It is tempting, but highly speculative, to try to relate these reflectors on WIRE 1 to those imaged 300 km to the southwest on WIRE 5. South-dipping Q and north-dipping P on WIRE 1 have at least a superficial resemblance to south-dipping (Y and north-dipping on WIRE 5 (Fig. lO) , while the continuing southward dips y on WIRE 5 may correspond to R on WIRE 1. This tentative correlation suggests that the Fair Head-Clew Bay line extends southwest across Porcupine Bank at about 52" 30'N, and thence out to the Atlantic margin, an interpretation consistent with the presence of ?Dalradian metasedimentary rocks at the base of exploration wells 26126-1 and 34/51 at about 53"N on Porcupine Bank (Tate & Dobson 1989) .
Though WIRE 3 crosses the northern part of the Dalradian supracrustals deformed in the Grampian orogeny, we have suggested above that much of the crustal reflectivity here is related to Tertiary intrusion. Some south-dipping reflectivity in the crust may represent structures within the Dalradian metasediments. H in the upper crust projects to the surface along the offshore projection of the Knockateen slide, a Grampian-age thrust which may be an older Dalradian extensional fault (White & Hutton 1985) .
On WIRE 3 and 4 the clearest south-dipping reflectors, parallel to Grampian subduction, are those in the mantle (C, D, G). Formerly, with only the WINCH profile as a constraint, it was uncertain whether the Great Glen fault cut and offset the mantle reflectors (Brewer et al. 1983) or whether that fault does not even reach the Moho and is transported on the back of a mantle thrust (Hall 1986 ). From their synthesis of the WIRE and WINCH profiles, Snyder & Flack (1990) interpret D and G as a continuation along Caledonian strike to the 'mantle-thrust' of Hall et al. (1984) , and C to be the same structure cut by and repeated across the c. 400 Ma, NE-trending, strike-slip faults. This interpretation implies that C, D and G once formed a single early-Palaeozoic or older structure. Given this age constraint, our preferred interpretation of these mantle reflectors is that they mark a Grampian-age, intracontinental, lithospheric-scale thrust formed within the Laurentian craton due to oceanic subduction and collision along the Fair Head-Clew Bay line. An alternative model is that the mantle reflector represents the early Ordovician subduction zone itself, dipping southeast away from Laurentia (e.g. Stockmal et al. 1987) . The principal objection to interpreting mantle reflectors northwest of Ireland as a Grampian-age subduction zone is that their present position is over 100 km too far north with respect to the Fair Head-Clew Bay line, the line of oceanic subduction, unless decollement at the Moho allowed northward displacement of the lithospheric mantle beneath the Dalradian and its Laurentian basement, perhaps during the Acadian orogeny.
